Revised breast cancer screening guidelines have fueled debate about the effectiveness and frequency of screening mammography, encouraging discussion between women and their providers. OBJECTIVE: To examine whether primary care providers' (PCPs') beliefs about the effectiveness and frequency of screening mammography are associated with utilization by their patients. DESIGN: Cross-sectional survey data from PCPs (2014) from three primary care networks affiliated with the Population-based Research Optimizing Screening through Personalized Regimens (PROSPR) consortium, linked with data about their patients' mammography use (2011)(2012)(2013)(2014). PARTICIPANTS: PCPs (n = 209) and their female patients age 40-89 years without breast cancer (n = 30,233). MAIN MEASURES: Outcomes included whether (1) women received a screening mammogram during a 2-year period; and (2) screened women had >1 mammogram during that period, reflecting annual screening. Principal independent variables were PCP beliefs about the effectiveness of mammography and their recommendations for screening frequency. KEY RESULTS: Overall 65.2% of women received >1 screening mammogram. For women 40-48 years, mammography use was modestly lower for those cared for by PCPs who believed that screening was ineffective compared with those who believed it was somewhat or very effective (59.1%, 62.3%, and 64.7%; p = 0.019 after controlling for patient characteristics). Of women with PCPs who reported they did not recommend screening before age 50, 48.1% were nonetheless screened. For women age 49-74 years, the vast majority were cared for by providers who believed that screening was effective. Provider recommendations were not associated with screening frequency. For women ≥75 years, those cared for by providers who were uncertain about effectiveness had higher screening use (50.7%) than those cared for by providers who believed it was somewhat effective (42.8%). Patients of providers who did not recommend screening were less likely to be screened than were those whose providers recommended annual screening, yet 37.1% of patients whose providers recommended against screening still received screening. CONCLUSIONS: PCP beliefs about mammography effectiveness and screening recommendations are only modestly associated with use, suggesting other likely influences on patient participation in mammography.
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INTRODUCTION
Over the past decade there have been several well-publicized revisions to national breast cancer screening guidelines. [1] [2] [3] [4] These updates have re-invigorated both professional and lay debate about the effectiveness of screening mammography and how often women should be screened. [5] [6] [7] For many women, these guidelines accentuate the importance of patientprovider discussion of individual screening harms and benefits.
Most studies of self-reported use of mammography in the initial years following the 2009 US Preventive Services Task Force (USPTSF) recommendations have not demonstrated the less frequent use or later initiation of routine screening called for by the USPSTF, 8, 9 although a registry-based study documented a decline in use. 10 Surveys of primary care providers (PCPs) have examined whether changes in guidelines have influenced provider beliefs about screening effectiveness and their recommendations for screening; 11, 12 the majority of PCPs report that they believe screening mammography is effective in reducing breast cancer mortality for women ages 40-74 years, and they have not implemented less frequent screening, in part because of patient concerns. 11, 12 Conceptual models hypothesize that variation in the use of cancer screening occurs at multiple health system levels, including organizations, practices, providers, and patients. 13, 14 While earlier studies suggest that provider demographic characteristics influence screening use (e.g., patients of female providers may receive more mammography 15, 16 ), to our knowledge, no US studies have examined whether PCP beliefs about the effectiveness of and recommendations for mammography screening are associated with actual use by their patients. A study from Denmark, where invitations for mammography are managed centrally and PCPs are not directly involved in the breast cancer screening process, found that women in the panels of providers with a Bpositiveâ ttitude about breast cancer screening were more likely to receive screening than those in the panel of a PCP with a more Bnegative^attitude. 17 Understanding the multi-level influences on the use of cancer screening is critical for designing interventions to improve evidence-based screening. Further, as PCP recommendations are thought to be important in patient decisions, we sought to explicitly describe this relationship.
In this study, we linked survey data from PCPs to the utilization data of their patients to directly examine the association of provider beliefs about mammography effectiveness and recommendations for screening frequency with screening utilization.
METHODS

Overview
This study was conducted as part of the NCI-funded Population-based Research Optimizing Screening through Personalized Regimens (PROSPR) consortium. 18 The overall aim of PROSPR is to conduct multi-site, coordinated, transdisciplinary research to evaluate and improve cancer screening processes. In 2014, we conducted a survey of PCPs affiliated with the three primary care networks of the PROSPR breast cancer research centers (response rate 57.6%) to ascertain provider beliefs about the effectiveness of mammography and their recommendations for screening. 11 Resident physicians were excluded. These data were linked to the screening utilization data for the patients of participating PCPs for the period from 2011 to 2014, obtained from PROSPR's central data repository. All sites received institutional review board approval for active or passive consent processes or a waiver of consent to enroll participants, link data, and perform analyses.
Settings and Study Population
Women were eligible for inclusion in the study if they were 40-89 years of age, without a known diagnosis of breast cancer or ductal carcinoma in situ, and had a primary care visit between January 1, 2011, and September 30, 2012, with a PCP affiliated with the clinical network of Brigham and Women's Faulkner Hospital (BWFH; Boston, MA), Dartmouth-Hitchcock Health System (DH; Lebanon, NH), or the University of Pennsylvania (PENN; Philadelphia, PA). This time frame was chosen to ensure that most women had 2 years of follow-up in the data repository. One of the provider networks (PENN) was limited to only 18-24 months of follow-up to observe screening mammograms after the PCP visit.
Data and Covariates
Provider-level data were obtained from the survey, which ascertained information about provider demographic and practice characteristics, including age, gender, specialty (family or general practice, general internal medicine, gynecology, physician assistant, nurse practitioner, certified nurse midwives, other), medical school affiliation, number of outpatient office visits in a typical week, number of physicians at their practice, whether during the prior 12 months they had their clinical income adjusted based on their breast cancer screening performance, whether they had ever been sued for failure to diagnose cancer, and whether their primary practice had received NCQA recognition as a medical home.
Also derived from the survey were the principal independent variables: provider beliefs concerning screening mammography effectiveness, and their recommendations for screening frequency. Survey questions about screening beliefs and recommendations were assessed by specific age groups (i.e., 40-49 years, 50-74 years, and ≥75 years), because guideline recommendations for screening vary by patient age. For each age group, PCPs were asked the following: (1) How effective do you believe screening mammography is for reducing cancer mortality for average-risk women? (response options: very effective, somewhat effective, not effective, effectiveness not known, I am not sure); and (2) How often do you recommend screening mammography for most asymptomatic, average-risk women (in good health for their age)? (response options: every year (12 months), every other year (24 months), I discuss interval options with patients, I do not routinely recommend).
Patient-level data were obtained from PROSPR's central data repository including age (categorized as 40-48 years, 49-74 years, and ≥75 years to reflect guideline differences by age; 49-year-olds were included with the older group because they turned 50 before the end of the 2-year window), race/ethnicity (white, black, Hispanic, Asian/Pacific Islander, American Indian, mixed race/other), type of health insurance (commercial, Medicare, Medicaid, uninsured/medical assistance, other, or missing), and Charlson comorbidity score (0, 1, 2+). 19, 20 Survey data were linked to data from PROSPR's central repository using a unique provider identification code. Of the 73,266 women in the PROSPR data repository meeting the eligibility criteria for this study, 30,233 (41.2%) linked to a PCP who had completed a survey.
Outcome Variables
Outcome variables were obtained from PROSPR's central data repository and measured at the patient level, as follows: (1) whether a woman received a screening mammogram during the 2 years following a PCP visit; and (2) for women who received a screening mammogram, whether they received >1 mammogram during that period, reflecting the use of annual screening. A screening mammogram was defined as a mammogram coded by the radiology facility as being for screening; in addition, the woman did not have any prior imaging in the prior 3 months, to avoid inclusion of diagnostic mammograms.
Statistical Analyses
We performed logistic regression analyses of the two binary outcomes. Potential predictors were assessed using univariate and then multivariate analysis, adjusting for other significant factors. For the assessment of patient characteristics, we used a population-averaged generalized estimating equations (GEE) model to account for correlation among outcomes from the same PCP. To evaluate provider characteristics and beliefs we used GEE models adjusted for patient characteristics found to be significant in the patient-level GEE analyses. All models of provider characteristics and beliefs were adjusted for patient age, race/ethnicity, and insurance status as well as calendar year and primary care network (BWFH, DH, PENN). Additionally, for evaluating the first outcome of Bany screening use^we adjusted for comorbidity. Significant provider variables were tested in a larger joint multivariate model. The absolute measurement of screening may have been reduced at PENN due to shorter follow-up than the other two sites. However, we performed a sensitivity analysis excluding PENN (14% of the population), and there were no substantial differences. Thus, we report results for all three sites.
RESULTS
Description of the Provider Population and the Patients Under Their Care
Twenty-three percent of providers were under the age of 40 years; these younger providers cared for 13.2% of the study cohort ( Table 1 ). The majority of providers were women, general internists, and had a medical school affiliation. About one-third noted that their clinical income was adjusted based on their performance of breast cancer screening; few reported that they had been sued for failure to diagnose cancer. Slightly over half reported that they practiced in an NCQA-recognized medical home, and about 80% said they practiced in either a hospital-based or community-based office.
Provider Beliefs about Mammography Effectiveness and Patient Use
For women age 40-48 years, 30.6% of providers believed that mammography was not effective, 45.9% somewhat effective, 18.7% very effective, and 4.8% that effectiveness was not known or they were unsure about its effectiveness (Fig. 1a) . Use of mammography was modestly lower among women cared for by providers who believed that screening was not Notes: Provider data were missing for age (n = 6 providers), number of office visits/week (6), performance reporting (12), sued for failure to diagnose cancer (8) , practice in NCQA-recognized medical home (10), practice location (6), medical school affiliation (4), number of physicians in practice (10) effective (59.1%) than among those whose providers thought it was somewhat effective (62.3%). Women cared for by providers who were uncertain about mammography effectiveness had the highest use (74.2%). Differences in use by provider beliefs about effectiveness were significant (p = 0.019) after controlling for patient characteristics (Table 2) . There was no overall association between provider beliefs about effectiveness and receipt of annual screening for this age group (Table 2) , although those cared for by providers who thought that mammography was very effective (43.9%) were more likely to receive mammography than those cared for by a provider who thought it was somewhat effective (39.2%; p = 0.026).
For women age 49-74 years, more providers believed that mammography was very effective (50.2%), and few believed that mammography was not effective (2.4%) (Fig. 1b) . Women who were cared for by providers who were uncertain about mammography effectiveness had the highest use of mammography (84.0%). Differences in use by provider beliefs about effectiveness were significant (p < 0.0001) after controlling for patient characteristics. In contrast to the use of any screening, women cared for by providers who were uncertain of mammography effectiveness were least likely to receive annual screening.
For women age 75 years and older, fewer providers believed that mammography was very effective compared with the younger groups; 30.6% indicated that mammography was not effective, and 23.8% were unsure about its effectiveness (Fig. 1c) . Again, the use of mammography was highest among patients cared for by providers who were uncertain about 
PCP Recommendations for Mammography Frequency and Patient Use
For women age 40-48 years, 30.6% of providers recommended yearly screening, 6.2% recommended biennial screening, 55.0% discussed interval options with the patient, and 8.1% did not routinely recommend screening (Fig. 2a) . There was no association between providers' recommended screening intervals and use of screening or use of annual screening ( Table 2) . Of note, mammography use among women cared for by providers who recommended yearly screening (64.4%) was similar to that among those cared for by providers who discussed frequency options (63.6%); almost half of women cared for by providers who did not recommend screening in this age group received a mammogram.
For women age 49-74 years, more providers recommended yearly screening compared with the younger group, and fewer (14.0%) discussed interval options with women. No women were cared for by providers who did not routinely recommend screening for women in this age group (Fig. 2b) . Differences in use by provider recommendations for screening frequency were significant although modest in absolute difference (p = 0.002). There were no differences in provider recommendations for screening frequency and use of annual screening.
For women age 75 years and older, providers most commonly discussed frequency options with their patients or did not recommend screening (Fig. 2c) . Mammography use was highest among women whose providers recommended yearly screening (52.9%) and lowest among women cared for by providers who did not routinely recommend screening in this age group. Nevertheless, 37.1% of women whose providers reported they did not routinely recommend screening for this age group received a mammogram. Differences in use by provider recommendations for screening frequency were significant (p = 0.024). There was no association between providers' recommended screening intervals and receipt of annual screening (Table 2) .
Provider Characteristics and Screening Use
In models that adjusted for patient and provider characteristics ( Table 2) , patients of male providers were less likely than patients of female providers to receive a mammogram (odds ratio [OR] 0.63; 95% confidence interval [CI] 0.53-0.77) or annual screening (0.87; 0.78-0.97). Patients of family physicians were less likely than those of general internists, gynecologists, or mid-level providers to receive screening mammography or annual screening. Neither performance measurement for breast cancer screening nor history of being sued for failure to diagnose cancer were associated with screening use.
There also was no association with provider-reported NCQArecognized medical home status, but women of providers who practiced in a hospital-based office or a community health center were more likely to receive mammography screening than those whose providers practiced in a community-based office.
Use of Screening Mammography by Patient Characteristics
Overall, 65.2% of women received at least one screening mammogram during the 2-year study period (Table 3 ). Screening was higher among younger women than those 75 years and older. Hispanic women received screening mammograms at a higher rate than other racial/ethnic groups. Women with commercial insurance received screening at a higher rate than uninsured women and those with public insurance. Screening use was lowest for women with a Charlson score of 2+. In the GEE model of patient factors associated with any screening use, age, race/ethnicity, insurance, comorbidity, and provider network were statistically significant. Among women who were screened, 49.0% received mammography annually. Patterns of annual screening were similar to any use of screening, except that black women were less likely than white or Hispanic women to receive annual screening, women with Medicare were more likely to receive annual screening than were women with commercial insurance, and there was no association with comorbidity. In the GEE model of patient factors associated with annual screening, the associations between age, race/ethnicity, insurance, and provider network were statistically significant.
DISCUSSION
The effectiveness of screening mammography and the appropriate screening frequency among women of different age groups continues to fuel policy, clinical, and public discourse. [1] [2] [3] [4] [5] [6] [7] While prior studies have examined physicians' beliefs about mammography effectiveness, 11, 12 to our knowledge, no US studies have directly linked data on PCP beliefs and recommendations to actual utilization by their patients. We found that provider beliefs about mammography effectiveness and recommendations for screening were only modestly associated with use. We found evidence of substantial use even among women of providers who did not routinely recommend mammography screening for certain age groups. For average-risk women in their 40s, the USPSTF recommends that providers and patients engage in informed decision-making. 3 Although the majority of providers in our study report that they practice informed decision-making with women in this age group, screening rates were similar to those observed among women whose providers recommended yearly screening. Importantly, almost half of women in their 40s who were seen by providers who reported that they did not routinely recommend screening still received mammography, and we observed a lack of association between provider recommendations for screening frequency and annual screening for women in all age groups. We also found that patients of providers who were unsure about the effectiveness or frequency of mammography were more likely to be screened, suggesting that patient preference may play a larger role in screening use when providers are uncertain. Importantly, we did not find an association between such practice characteristics as NCQA medical home recognition or the use of provider incentives and the use of screening. These findings suggest that evidencebased implementation of mammography screening may require practice tools and policies beyond those currently available for shared decision-making, including the broad dissemination of decision aids and perhaps centralized invitation and education for screening.
Our findings differ from those of a study of PCPs in solo practice in Denmark, where PCPs are not directly involved in ordering breast cancer screening because invitations to screening are managed centrally. 17 Despite this more advisory role, the study suggested a positive relationship between a provider's more positive attitude about screening and the decision to initiate screening after the age of 50. The difference in findings may be because the Danish study was focused on the decision to initiate screening, whereas ours was focused on the use and frequency of screening, as well as the important differences in how screening is implemented in the USA and Denmark.
Understanding multi-level influences on the use of health care is critical to ensuring the delivery of evidence-based care. 13, 14 Mammography screening is an exemplar of this complexity. Our findings suggest that there may be important influences on personal screening decisions beyond discussion with PCPs or practice-level interventions to promote guideline-concordant screening. There are several potential reasons for these findings. PCPs may have limited time, skills, or tools for engaging in individualized discussions of the harms and benefits of screening. 21, 22 Thus, screening may become a default option, especially with electronic health record (EHR) clinical decision support prompting clinicians to screen. This work supports the need for better and more EHR-integrated tools for informed decisionmaking to help patients and providers discuss and consider the benefits and harms of screening, particularly for women in their 40s and those over the age of 75, where personal decisionmaking may be most important. [23] [24] [25] [26] Furthermore, there is a need for better EHR documentation of the occurrence of informed decision-making discussions. In addition to protocol reminders in EHRs for annual screening, recommendations and reminders to patients from radiology centers could also influence screening use. 22, 27 This underscores the importance of reconciling guideline recommendations for mammography across specialties and implementing systems for individualized screening reminders in EHRs. This work supports prior studies showing that provider demographic characteristics, particularly gender, may influence patients' use of cancer screening, but are not dominant factors, 15, 16 and that financial productivity incentives are not associated with mammography use. 28 Importantly, patient beliefs and behaviors may have a broader influence than the recommendations of a PCP. Social networks and the media likely influence women's screening decisions. 6, 7 Strengths of this study include the use of multi-level data about patients, providers, and primary care practices. The study also has limitations. We did not survey patients about their screening beliefs or other influences on screening use, such as friends, family, or the media. We did not assess details of shared decision-making practices among PCPs. PCP survey data were not collected longitudinally, and provider beliefs and practices may be evolving. Although we examined patients and their PCPs from three primary care networks, these findings may not be generalizable to other health care settings or to US regions beyond the Northeast, where the attitudes of women and PCPs may differ. Despite these limitations, our paper has strengths beyond the diversity of practice networks. All patients saw their provider at least once, making it possible to discuss screening mammography. Because of our large sample, we were able to adjust for patient, provider, and practice characteristics. PCP beliefs about the effectiveness of mammography and recommendations for screening frequency are only modestly associated with use. These results suggest that there are other important influences on women's decisions to participate in screening mammography. Further elucidation of these factors may inform the development of tools to support shared decision-making that incorporate evidence about both the effectiveness and limitations of screening mammography, as well as patient values and preferences.
